INTRODUCTION
Malignant tumors of the heart are rare and most commonly due to metastatic disease rather than primary cardiac tumors. Patient presentations vary and range from asymptomatic to heart failure from blood flow obstruction, valvular dysfunction, ventricular dysfunction, or arrhythmia. Echocardiography is an easily accessible imaging modality and usually the first test ordered. Although a definitive diagnosis cannot be made by echocardiography, the location within the heart and tissue characteristics assessed by ultrasound may help narrow the differential diagnosis. Usually once found, most cardiac tumors are removed surgically, but the prognosis of malignant cardiac tumors is poor.
CASE PRESENTATION
A 63-year-old woman with a history of tobacco use, severe osteoporosis, and vitamin D deficiency was seen in follow-up by her family physician for a 6-month history of weight loss. She noted that despite a normal appetite, she had lost about 5 pounds (from 78 to 73 lb). Initially her weight loss was attributed to multiple dental surgical procedures requiring a liquid diet. She also reported abdominal discomfort but denied constipation, diarrhea, and melena. Her family history was significant for bladder cancer in her father and a brother with sudden cardiac death. On examination, she was afebrile, her blood pressure was 102/72 mm Hg, and her heart rate was 88 beats/min. Cardiac examination revealed regular rate and rhythm, and no murmurs, rubs, or gallops were heard. Because of her abdominal pain and weight loss, she was referred for abdominal computed tomography (CT).
Diagnostic Testing
CT showed a benign abdomen. However, although not well visualized, there was concern for a filling defect in the heart (Figure 1 ). Transthoracic echocardiography (TTE) was then ordered to better evaluate this filling defect.
TTE revealed a small left ventricular chamber (27-mm end-diastolic diameter) but normal function. The right ventricle had a large, complexly shaped, intracavitary mass that filled the majority of the chamber, extending toward the right ventricular (RV) outflow tract and measuring at least 8 Â 6 Â 6 cm. The characteristics of this mass were most consistent with tumor. On color and spectral Doppler imaging, there was evidence of mild tricuspid regurgitation, and assuming a right atrial pressure of 10 mm Hg, RV systolic pressure was elevated and estimated at 47 mm Hg (Figure 2 ). Also seen was RV outflow obstruction ( Figure 3 ) and diastolic and systolic flattening of the interventricular septum. The ultrasound characteristics of the mass were suggestive of a primary cardiac tumor such as myxoma or sarcoma (angiosarcoma or fibrosarcoma) or a secondary tumor such as metastatic lung, breast, or melanoma ( Figure 4 , Videos 1-6).
Cardiac magnetic resonance imaging (MRI) confirmed the presence of a large, lobulated, heterogeneously enhancing intracavitary mass that occupied the majority of the right ventricle and extended into the RV outflow tract, compromising blood flow in systole. The attachment of the mass appeared to be to the RV apex, and it was T1 isointense and T2 hyperintense to the myocardium ( Figure 5 ). There was heterogeneous postcontrast enhancement of the mass with areas of hypoenhancement likely representing central hemorrhagic necrosis. The tissue characteristics were consistent with a neoplastic process, possibly sarcoma, although extension into the ventricular wall or pericardial space was not seen. Coronary CTexcluded pulmonary embolus and showed mild atherosclerosis and normally sized pulmonary arteries and again confirmed the large mass in the right ventricle (see CT in the 3D Radiological Viewer).
Clinical Course
Given the concern for malignancy, the patient underwent a percutaneous biopsy of the mass by cardiac catheterization with intracardiac echocardiographic guidance. The pathology showed a high-grade spindle cell sarcoma consistent with angiosarcoma ( Figure 6 ). She was referred to cardiothoroacic surgery and oncology for consultation and treatment. It was recommended that she undergo systemic chemotherapy, and if after several cycles of chemotherapy there remained no evidence of metastatic disease, debulking surgery followed by definitive proton radiotherapy to treat residual tumor would be pursued. Her chemotherapy regimen (gemcitabine and docetaxel) was complicated by neutropenic fever, and her chemotherapy was switched to ifosfamide and etoposide. After several cycles of treatment, computed tomographic/positron emission tomographic imaging did not show any evidence of metastatic disease, and the patient underwent surgical resection of the mass (Figure 7 ). She required placement of a 31-mm tricuspid valve bioprosthesis (St. Jude Medical, St. Paul, MN) as well as a permanent pacemaker for postoperative complete heart block. The patient was discharged from the hospital with plans for proton radiotherapy treatment.
DISCUSSION
Although angiosarcoma is the most common type of malignant cardiac tumor in adults, the incidence is rare and in an autopsy series was estimated at about 0.0001%. 1 Angiosarcomas are made of malignant cells from vascular structures, and pathology shows infiltration of the myocardium by spindle cells. 2 The prognosis of cardiac sarcomas is very poor, with median survival in the absence of treatment of <10 months. 3, 4 Angiosarcomas are usually found in the right heart, most frequently in the right atrium. 5 On TTE, the mass appears lobulated with areas of possible necrosis or hemorrhage. 6 Unlike other cardiac tumors such as myxomas, angiosarcomas do not have stalks. The tumors may extend into the pericardium, and pericardial effusions (with or without tamponade) may be seen. 7 The proximity of the tumor to the tricuspid valve may cause tricuspid regurgitation or obstruction. Pericardial and myocardial involvement may lead to chest pain (from myocardial invasion) or dyspnea (from blood flow obstruction or valvular dysfunction). 8 This patient's tumor filled the majority of the dilated RV cavity with no evidence of extension into the right atrium on imaging. The dilated right ventricle shifted the interventricular septum toward the left, thereby decreasing the overall left ventricular cavity size, but it did not affect overall left ventricular systolic function. There was a suggestion of elevated pulmonary artery pressure by both Doppler and two-dimensional imaging. However, because the tumor extended into the RV outflow tract and obstructed blood flow, it is probable that the pressure elevation was isolated to the right ventricle rather than at the level of the pulmonary arteries. Flattening of the interventricular septum may be due to increased RV pressures from blood flow obstruction or be related to the location of the mass in the right ventricle (compressing on the left ventricle). Also, the findings of normally sized pulmonary arteries and no pulmonary emboli on CT support probable normal pulmonary artery pressures.
Unintentional weight loss should raise concern as a constitutional symptom associated with malignancy. The patient's abdominal pain was a nonspecific symptom, and there were no abnormalities on abdominal CT. As in this patient, results of cardiac examination may be normal or close to normal, with little to suggest cardiac tumor. Because of nonspecific symptoms, often cardiac sarcomas are found in later stages of the disease, when they have already metastasized. 9 Despite the large size of this tumor, there was no evidence of metastasis on positron emission tomographic imaging.
Although TTE cannot define the histopathology of a mass, it can identify the presence, location, and tissue characteristics of the mass, which can thus narrow the differential diagnosis. For a definitive diagnosis, tissue is needed for a pathologic examination. TTE is also useful in evaluating tumor sequelae such as blood flow obstruction, valvular regurgitation, and myocardial dysfunction. Tumors may obstruct blood flow, causing symptoms of valvular stenosis or regurgitation, or they may infiltrate into the myocardium, causing dysfunction. Also, pulmonary or systemic emboli may occur if a tumor is located on the right or left side of the heart (respectively) because of thrombus formation on the tumor or embolization of the tumor itself. Although the symptoms associated with cardiac tumors are usually related to their locations, some tumors may cause systemic or constitutional symptoms. 10 Other imaging modalities, such as transesophageal echocardiography, cardiac MRI, and CT, may be ordered to evaluate cardiac masses. Transesophageal echocardiography offers better spatial resolution than TTE and may be able to better define a cardiac mass, particularly in patients whose masses are located posteriorly in the chest or are not well visualized with TTE. Cardiac MRI, although also unable to make a definitive diagnosis, is better able to define tissue characteristics of cardiac masses and can narrow the differential diagnosis to a great degree. The use of cardiac MRI may be limited because of patient contraindications (pacemakers, hardware, etc.) and not readily accessible at all institutions. Conversely, CT is more readily available and is able to define the tumor size as well as evaluate the surrounding tissues.
Because of the rarity of cardiac angiosarcomas, there are no guidelines available for management. Reports have been published regarding surgery, systemic chemotherapy, and radiotherapy, as well as heart transplantation. [11] [12] [13] Early diagnosis and complete resection may improve survival, although overall long-term prognosis remains poor.
CONCLUSIONS
In our patient, despite the large size of the tumor, there was no evidence of metastatic disease at the time of diagnosis. TTE aided in a timely diagnosis and referral for both oncology and surgical evaluation and treatment.
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